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ABSTRACT

Specific gravity of Loblolly pine (Pinus taedaL.) 20 to 25 yearsold wasdeterminedusing12 mm incr-ementcores
collected from 74 plantationssampledacrossthe SoutheastemUnited States.X-ray densitometrywas used to
determineannua] growth,proportionof latewoodand specific gravity of earlywood,latewoodandannualring for 30
treesbored in each plantation.The relationshipof physiographicregion, latitude,longitude,surmnerprecipitation,
length of growing seasonand site index with annual growth, earlywood,latewoodand ring specific gravity were
examined.Annualring specific gravity of Loblolly pine is highly correlated(r=0.88) with theproportionof latewood
in the ring. The amountof latewoodproducedis dependenton the amountof summerprecipitation{r=O.~65) and
length of growing season(r=0.52). Summerprecipitationand length of growingseasondecreasedfrom the Atlantic
and Gulf Coast inland. Thus, specific gravity decreasedwith increasing latitude and increasedwith increasing
longitude. Specific gravity also increasedwith increasingstand ageand decreasedwith increasingsite index. A
regressionequationwas developedusingstandage, latitude, longitude, andsite index as independentvariablesto
predictstandcross-sectionspecific gravity at BH. The equationaccountedfor 79 percentof thevariationin average
standcross-sectionspecificgravity.

INTRODUCTION

TheSouthproduces58 percentof themarketedtimber in the United Statesand 16 percentof all timber marketedin
the world (Wearand Greis,2002). Loblolly pine (Pinus zaedaL.) is the most importantcommercialspeciesin the
Southand 35 percentof the timber harvestedin the Southcomesfrom plantations.Loblolly pine is usedto produce
solid and fiber basedproducts.The definition of Loblolly pine wood quality dependson the productfor which the
wood is used.Mediumto high specific gravity (SG) is almostuniversallyconsidereda desirablewoodqualitytrait.

Wood SO increasessignificantly with age, especiallyin treesless than 30 yearsold becauseyoungertreescontaina
largervolume ofjuveniie wood.Juvenilewooddiffers from maturewood in that hasa lower5G. lowerpercentageof
latewood,and shortertracheidswith largermicrofibril angles(MIFA ; Larsonet at., 2001).The lengthof the juvenile
periodof Southernpine increasesfrom the southernportionof the rangenorth.In Loblolly pine, theperiodof juvenile
wood formation increasesfrom 4 to 8 yearsin theLower CoastalPlainto 10 to 14 yearsin thePiedmont.In a studyby
Creggetat. (1988) it wasobservedthat thetransitionfromearlywoodto latewoodoccurredonemonthearlier in a year
of low rainfall and highspringevaporatedemandthanin a yearof low -evaporatedemandandhigh rainfall. Whetheran
earlytransitionto latewoodleadsto an annualring with a highpercentageof latewood,and thushigh5G. dependson
the growingconditionsthat occurafter the transitionto latewoodproduction.Basedon MoehringandRalsto.n(1967) it
appearsthe moisturesupplyandpanevaporationin themonthsof July, August,September,and Octoberare relatedto
theamountof latewoodthat isproduced.SpecificGravity (SG)variationsassociatedwith earlywoodandlatewood~can
significantly affectpulp yield, paperqualityandstrengthandstiffnessof lumber.

High SG is positively correlatedwith wood stiffnessandstrength,importantpropertiesfor Southernpinelumber.
Hi2h SG associatedwith mature wood also results in higher pulp yields and is generallyassociatedwith longer
tracheidswith increasedtearfor packagingpapers(liner board, kraft sack).Low SOjuvenile wood will generally
havethinner walls andshortern-acheids,widerMFA and thusproducepaperwith good tensile,burst, fold andsheet
smoothnessbut lowertearandopacity.

If the Southernpine wood industrycould predictthe SG of plantedLoblolly pine stands acrossthe rangeof the
speciesthe industrycould betterutilize theLobJollypine resource.The objectiveof this researchwas to developof
model for predicting averagestand SO from easy to measureindependentvariablessuch as -stand age, latitude,
longitude,anda measureof siteproductivity.



Loblolly pineplantationsfrom Virgina to Florida weresampledto determineaveragecross-sectionwoodSG atBH
or 1.4 m aboveground.Thirty-eightstandsweresampledin theLower CoastalPlain, 12 in UpperCoastalPlainand
24 in the Piedmontfor a total of 74 stands(Fig. 1). Plantationsselectedfor samplingwereconventionallymanaged
20 to 25 year old standsthat had not receivedany intensivemanagementpracticessuchas chemical competition
control or fertilization exceptphosphorusin phosphorusdeficientsites.The stockingofeachstandwas determined
by inventoryingall standinotrees>12.7 cm DBH on three0.04 hectarecircularplots in each stand.Tree species,
DBH, total height and crownclasswere recordedfor eachtree.Incrementcores,12 mmin diameter,wereextracted
from 30 treesin eachstand.The treesboredwereselectedin proportionto thediameterdistributionof thetreesin the
stand.

Figure 1 Location of Loblolly pine plantationssampledto determinefor incrementcorespecificgravity
in theLower CoastalPlain, UpperCoastalPlain andPiedmontphysiographicregions.

The incrementcoreswere dried, gluedto core holdersandsawninto 1.6mm strips.Radial growthof earlywoodand
atewoodand SO of earlywoodand latewoodof eachannualring for eachradial stripwere determinedat 0.06mm

intervals using an X-ray densitometer.A SO value of 0.480 was used to separateearlywood and latewood.The
densitometerwas calibratedto expressSO on a green volume and oven dry weight bases.The transition from
juvenile to maturewood was definedas the year in which percentlatewoodwas greaterthan 40 percentand ring
specific gravity was greaterthan 0.48. Ring SO was weightedby ring basalareato obtain a weightedcross-section
carlywood, latewood, whole cross-section50 and weightedcross-sectionproportion of latewoodfor each tree.
Cross-sectionSOwas determinedfor age5, 10, 15 and20-25by weightingrings 1-5 for age5, ring 1-10for age 10
and rings 1-15 for age15, and rings 1-20 to 25 for age20-25.Tree datawereaveragedby stand.

Monthly average,minimum, andmaximumtemperature,monthly precipitation,andannualnumberof growingdays
from 1976 to presentwere collectedfor eachstand.Weatherdata were collectedfrom a weatherstation within 48
kilometersof eachstand.

An analysisof variance(ANOVA; SAS,1988) wasrun on the datato determinethe effectof physiographicregion
on weightedcross-sectionearlywood, latewood,whole cross-sectionspecific gravity and proportion of latewood.
Re2ioneffectswere assumedto befixed andstandeffectswereassumedto berandom.Statisticaldesignincluded:

r = Regions: Lower CoastalPlain,UpperCoastalPlain, Piedmont,
s= Stands.
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Thegeneralform of theANOVA was:

Source Degreesof freedom(df) df

Regions r-1 2

Stands(Regions) r(s-1) 71

A correlation analysis was run to determinethe correlationbetweenstand SO, proportion of latewood, stand
variables,geographiclocationand weatherdata.

Basedon stand age, geographiclocation and site productivity the following regressionmodel was developedto
estimateaveragestandweighedcross-sectionSG:

SO =a+b(LAT)+c(LONG)+d(SI)+e(AOE)+f(ln(AGE))
Where:

SO = averagestandweightedcross-sectionspecific gravity,
LAT = latitudeof standin degrees,
LONG = longitudeof standin degrees,
SI = site indexof standat baseage25 in meters,
AGE = standagein years,
ln (AGE) = naturallog of standage.

RESULTSAND DISCUSSION

The Loblolly pine treessampledfor SO in the Lower CoastalPlain, Upper CoastalPlain andPiedmontwere on
averagethe sameagehowever,averagesiteindex for the Lower CoastalPlain standswashigherthan that of the
UpperCoastalPlain orPiedmont.Thus,thetreessampledin theLowerCoastalplain wereslightly largerin diameter
andtaller thanthosesampledin theUpperCoastalPlainandPiedmont(Tab. 1).

Table1: Averagecharacteristicsof Loblolly pine treesboredfor woodspecificgravity by
physiographicregion.

Region Characteristics

Stands DBH Total Height Site Index Age

Sample Avg Range Avg Range Avg Range Avg Range

No. —cm— m —--- -—-—-—m-—-—--- years

Lower Coastal 38 24.1 15.5-30,0 20 16-24 23 17-28 22 20-25

Uppercoastal 12 22.7 18.8-28.4 18 15-22 20 16-25 23 20-25

Piedmont 24 22.7 18.5-27.9 18 14-21 19 15-23 •23 20-26

Plots of ring earlywoodSOover rings from the pith showearlywoodring SO doesnot vary betweenphysiographic
regionsand that earlywoodSOdoesnot changewith increasingring numberor cambium age(Fig. 2). Averagering
latewood SG also does not vary significantly among physiographicregions but does increasewith increasing
cambium age(Fig. 3). Plots of incrementcore annualring SO over rings from the pith show SG increasingwith
increasingcambiumage(Fig. 4). The plots show the normal juvenile/maturewood formation patternfor the three
physiographicregionswith low SO core-formedwood, formedin the first fewrings,followed by a rapidincreasein
SO in the transitionzone,followed by high SO maturewood. Basedon the criteria usedin this studyto definethe
transitionfrom juvenile wood to maturewood, the Lower CoastalPlain treeswere on averageproducingmature
wood by ring 6, the Upper CoastalPlain treesby ring 7 and thePiedmonttreesby ring 8. Ring SO of the Lower
CoastalPlaintreeswas higherthanthat of theUpperCoastalPlain or Piedmonttrees.This regionaldifferencein ring
SO is notdueto regionaldifferencesin earlywoodor latewoodSO but due to the higherproportionof latewoodin
theLower CoastalPlain trees.
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Figure 2 Averageannualring earl ood specificgravity by ring numberfor 20-25year Loblolly pine
by physiographicregion.
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Figure 3 : Averageannualring latewoodspecificgravity by ring numberfor 20-25yearLoblolly pine
by physiographicregion.
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Figure 4 Averageannualring specificgravity by ring numberfor 20-25year Loblolly pine by physiographicregion.
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Figure5 Averageproportionof annualring in latewoodby ring numberfor 20-25yearLoblolly pine
by physiographicregion.

The weighted cross-sectionSG of earlywood averagedacrossregions was 0.327. The ANOVA showed the
earlywoodSC of the Upper CoastalPlain treesto be significantly lower than that of the Lower CoastalPlain
(Tab. 2). However,the differenceof 0.008in averageearlywood SGbetweenthe Lower CoastalPlain and Upper
Coastalis not significantfrom a practicalstandpoint. EarlywoodSGwasstatisticallydifferent becauseof the small
variationin earlywoodSG. Theweightedcross-sectionSG of latewooddid not varysignificantly amongregionsand
averaged0.717. The SG of the whole cross-sectionwas significantly higher in the Lower CoastalPlain (0.518)
comparedto that of theUpperCoastalPlain (0.487)or Piedmont(0.487; Tab. 2).
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Table2 Averageweightedcross-sectionspecificgravity at 1.4meters
for 20-25yearplantedLoblolly pineby physiographicregion.

Region SpecificGravity Proportion

of latewoodEarlywood Latewood Whole cross-section

LowerCoastal 0.330a 0.719a 0.518a 48a

UpperCoastal 0.332 b 0.715a 0.487b 42 b

Piedmont 0.326ab 0.714a 0.487b 41 b

Valueswith a different letter arestatisticallydifferentat the 0.05level

Cross-sectionSG is significantly positively correlatedwith the proportionof latewoodin the annualring (Tab. 3).
The amount of latewood produced is highly positively correlated with summer precipitation, averageannual
temperature,maximum Decembertemperature,and numberof growing days (Tab. 3). The Lower CoastalPlain
receiveson average15 cm moresummerprecipitationin July, August,SeptemberandOctober,has a higheraverage
innual temperature,a highermaximumDecembertemperaturethanthe otherregionsand9 moregrowing days than
he UpperCoastalPlain and33 additionalgrowing dayscomparedto the Piedmont.Thus,the Lower CoastalPlain
treeshavemoremoisturefor latewoodproductionand producelatewoodlonger into the late autumn.

Table3 Correlationscoefficientsfor weightedcross-sectionspecificgravity with standandweathervariables.

Cross- Early- Late- Percent Stand Stand Site Summer Avg. Max. Growing
section wood wood late- latitude longi- index Precip. annual Dec. days

SO SO SO wood tude temp. Temp.

CorrelationCoefficient(r)

Gross-secSG
rirlywood SO

tatewoodSO
ercentlatewood

Standlatitude
Standlongitude
--,rte index
Summerprecip.
AvQ annualtemp.
Max Dec.temp.
GrowinO days

1.0 o~59~ Q75*** 0.88** .040*** NS
0.59’~
0.75**
0.88~~

NS
0.24*
0.45~

0.52***

1.0
0.34~
0.4
NS
NS
NS

NS
NS
NS

0.34~
1.0
0.39***
.032**

NS
NS
NS
0.27k
NS

0.42***

1.0
038***

0.33**
0.44*~~
0.65**
0.51
0.63w

NS
~032~
.038**

1.0
0.57**
.032**
.038***
.094***
.0.84*~

NS
-0.12
Q~33**
0.57***
1.0
0.24*
0.31**
.0.37**

NS

0.48*** NS 0.27* 0.53*** .079*** NS

0.24* Q45*** Q47*** 0.52~* 0.48**
NS
NS
Q~44***
.062***

0.36*~~
1.0
0.56***
Q~45**
0.57***

NS
NS
0.65***

0.31**
0.56***
1.0
0.50***

0.40*** 0.54***

Values with are significant at the 0.05 level; valueswith a e significant at
;rgflitioant at the0.001 level.

the 0.01 level; values with are

summerprecipitation, averageannualtemperature,maximumDecembertemperature,andnumberof growing days
would be good independentvariablesfor predictingaveragestand cross-section50 but thesevariablesaredifficult
or a land managerto know for a stand.Standlocation or latitude and longitude is highly correlatedwith these
~.rriables(Tab.3) andeasyfor land managersto detennineusinggeographicpositioning systems.
Ihus, the following regressionequationusing stand location, age and site index as independentvariables was
developedto predictaveragestandcross-section50:

SG= 1.362104— 0.013379*(LAT)+ 0.007364*(LONG)— 0.002067*(SI)
- 0.003635*AGE+ 0.100305*(logAGE)

[he equationhad a coefficient of determination(R2) of 0.79, a coefficientof variation(CV) of 4.1 percent,and a
aandarderrorof 0.019. All independentvariablesweresignificantat the 0.0001probability level. The equationis
casyto applysincea landmanagerwill know theageof the stand,the stand’ssiteindex andthelocationof the stand.

NS
0.27*
0.51***
.094***
.037**

0.45**
0.50***
1.0
0.92***
0.9

NS
NS
0.63***
084***

NS
0.57***
0.68***
0.92***
1.0
0.81

NS
0.27*
0.52***
.079***

-0.19
0.40***
0.54***
0.91
0.81

1.0

E ~



CONCLUSiONS

Loblolly pine annualring earlywoodspecific gravity doesnotvarywith cambiumageor from a practicalstand-point
by region. Specific gravity of annualring latewooddoesincreasewith increasingcambiumagebut doesnot vary
significantly amongregions.Specific gravity of the annual ring increaseswith ca.mbiumageand is significantly
higher in the Lower CoastalPlain comparedto theUpperCoastal Plain or Piedmont.Lower CoastalPlain SO is
higherbecausethe treescontain a higherproportionof latewood.Lower CoastalPlain treesproducemore latewood
becausethey receivesignificantly more summerprecipitation and have a longer growing seasonfor latewood
production.

Cross-sectionSO at BH is highly correlatedwith summerprecipitation, averageannualtemperature.December
maximumtemperatureand numberof growing days.However, thesevariablesare difficult to measurefor a planted
Loblolly stand but are highly correlatedwith stand location or latitude and longitude. Thus, an equationwas
developedto predict averagestand cross-sectionSO using latitude, longitude, site index and stand age. These
independentvariablesareeasyto measureandaccountfor 79 percentof thevariationin standcross-section5G.
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